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(54) Title: METHOD AND APPARATUS FOR IMPROVED ELECTROSPRAY ANALYSIS 
(57) Abstract 

An improved 
electrospray ion production 
method and ion source 
designed to reduce overall 
gas load on the vacuum 
system and enhance the ion 
production and collection 
efficiencies. This ion source 
is for gas phase ion analysis 
of constituents dissolved in 
liquid solution comprising 
a needle (10) held at high 
electrical potential through 
which the said solution 
flows into a first chamber 
(1) maintained at reduced 
pressure, forming a highly 
charged liquid cone-jet 
The highly charged liquid 
jet is steered, in the said 
first chamber, on-axis with 
an aperture into a second 
chamber (2) maintained 
at higher pressure than the 
said first chamber. The 
second chamber is heated 
and pressurized to facilitate 
desolvation of the of the 

solution droplets originating from -the breakup of the highly charged jet, resulting in the production of gas phase ions by th; electrospray 
ionization process. The said gas phase ions are then sampled and detected. Alternative reacti ns and/or inputs of energy via collision 
and/or radiati n may occur in said second chamber to further facilitate ion production or fragmentation and may further enhance sample 
identification. This method and device may be useful in the implementation of liquid chromatography-mass spectrometry. 
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Technical Field: 

This invention relates to a method and apparatus for electrospraying solutions of chemical 
species for detection in gas phase ion detectors from liquid solutions, particularly chemical 
species that are separated and detected with liquid chromatography-mass spectrometry. 

Background Art: 

The production of intact gas phase ions from compounds dissolved in solution has been a 
topic of considerable attention for some time, particularly in liquid chromatography-mass 
spectrometry. 1 Typically, the ion production process has been problematic for labile and/or 
high molecular weight compounds because, in many cases, the energy input to facilitate a. 
phase change from liquid to the gas resulted in chemical reactions, rearrangements or 
degradation of the analyte of interest. Many compounds separated with liquid 
chromatography fail into this category. In recent years electrospray (ES) and 
lectrohydrodynamic processes (EHD) hav successfully demonstrated capabilities for ion 
production with both labile and high molecular weight compounds. 2 * The terms electrospray 
and electrohydrodynamic are sometimes used interchangeably. For the present discussion 
we will referred to both processes as electrospray and restrict our definition to sprays in which 
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conical deformation of the liquid occurs as a result of high electrical potential. This is 
referred to as the cone-jet mode of electrospray. 

The mechanism of ion production in ES has been the subject of considerable debate over 
the years. 7 The characteristic geometry of ES aerosol and ion generators is the simple cone- 
jet 8 as seen in Figure 1 . We can summarize the process of electrospray by describin g 
each part of the spray as labeled. A conducting liquid usually emerges from a capillary tube 
held at high electrical potential (Region A). The liquid accelerates toward a counterelectrode 
and assumes the characteristic conical geometry (Region B). At the apex of the cone, u high 
velocity jet emerges (Region C) which subsequently breaks into highly charged droplets 
(Region D). The highly charged droplets in Region D are generally evaporated with dry gas 5 
or heat 9 to produce further breakup of the liquid and formation of gas phase ionic specie. 
In some instances ions are emitted directly from the apex of the cone instead of a jet, 
particularly with liquid metal emitters. 10 Cone-jet aerosol sources have been utilized for a 
number of applications; including, mass spectrometry sample introduction and ionization, 5 11 
particle generation, 12 and thruster technology, 13 and liquid metal ion sources. 10 The 
operation of cone-jet source of aerosols has been demonstrated at atmospheric 14 " 17 and at 
reduced pressure. 10,18 

The production of ions from an ES source has demonstrated extremely good applicability 
for compounds that are labile and/or high molecular weight. Typically ES ion sources are 
operated at atmospheric pressure because of the efficient heat transfer at these pressures to 
the charged droplets which results in the evaporation of the primary droplets and 
concomitantly causes efficient ion production. Unfortunately, at atmospheric pressure only a 
fraction of the ions produced are actually sampled into the low pressure detectors because of 
the difficulty of focusing and sampling ions through small sampling apertures to reduced 
pressures. Larger apertures are sometimes used to improve sampling efficiencies; however, 
these require more costly and/or higher capacity pumping on the vacuum system to maintain 
acceptable detector operating pressures. Another limitation of atmospheric pressure ES 
operation is the threshold of electrical discharge across the gap between the high electrical 
potential capillary and the counterelectrode. This threshold is generally a function of 
capillary and counterelectrode spacing and geometry, surrounding gas composition, and 
pressure. The operating voltages are limited by the discharge threshold due to partial or 
complete degradation of th electrospray process during an lectrical discharge. Discharges 
g n rally present a great r limitation whil operating atmospheric pressure ES sources in the 
negative ion mod . 19,20 

The operation of ES processes at reduced pressures has allowed scientists to reduce the 
total gas load on the vacuum system. Th operating pressure must be sufficiently low to 
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prevent lectrical discharge. 21 Exp omental results with ES at low pressure have 
demonstrated (1) instability of the liquid cone-jet resulting in the formation of multiple swirling 
cone-jets; (2) instability in the directionality of the resulting liquid jet; (3) freezing and (4) 
boiling of the liquid cone at the end of the capillary; (5) a high degree of solvent clustering of 
the ions leaving the electrospray cone; and (6) gas phase ions possessing a wide spread in 
kinetic energy making the collection and focusing of the ions difficult. 2 ^' 8 ' 18 - 21 Solvent 
clustering, along with the divergence of the droplets from the axis of the tip of the liquid cone, 
freezing and boiling of the liquid cone and instability of the electrospray cone have made ion 
detection in the low pressure mode of operation irreproducible and difficult to interpret. 

Practioners of EHD minimize the problem of freezing and boiling by dissolving there 
analyte in a non-volatile solvent, such as glycerine, and introducing sample into a vacuum 
chamber at reduced flow rates (nanoliters/min). Some low pressure ES devices included 
various lenses for controlling the ions (not droplets) downstream from ES needle. 3 4 6 18 Prior 
related art can be divided into four (4) groups: 

1 . low pressure electrospray without a focusing means for sampling into a low pressure 
detector (such as, references 4 and 23); 

2. low pressure electrospray with a focusing means for directing the aerosol into low 
pressure detectors (such as, references 3 and 6); 

3. low pressure electrospray with a focusing means for directing aerosol into a high 
pressure declustering region (such as, reference 6); and 

4. low pressure electrospray without a focusing means and sampling the aerosol into a high 
pressure ionization region (such as, reference 22). 

The art of Mahoney and coworkers 6 addresses declustering downstream from the spray 
but does not effectively deal with the evaporation of droplets produced at low pressure. 

Platzer 22 addresses the problem of solvent declustering and wide kinetic energy spread at 
low pressures by directly spraying from low pressures through a heated tube into a higher 
pressure ionization region. The art of Platzer fails to address the inherent instability of the 
primary electrospray process, freezing and boiling in a vacuum; and the wide angular and 
spatial dispersion of the spray. The primary outcome of failing to address the low pressure 
spray stability will result in significant losses of analyte and droplets on the walls of their f irst 
chamber and the heated transfer tube. Although, they may collect some of the spray through 
the tube by virtu of large cross sectional diameters, th y will still have irreproducible and 
unstabl signal resulting from the unstable spray processes. 

The object of the current invention is to ov room the aforementioned limitations of both 
atmospheric pressure and low pressure operations of electrospray. 
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Summary of Invention: 

The current invention is intended to overcome many of the aforementioned limitations of 
conventional atmospheric pressure electrospray and low pressure electrohydrodynamic 
(BHD) devices by physically separating the primary aerosol generation process from the 
secondary aerosol and ion generation processes and discretely optimizing both. The 
primary process of cone-jet formation is controlled by thermal and electrostatic means to 
facilitate the formation of a directionaliy stable liquid cone-jet. Once a stable cone-jet is 
formed, the jet and resulting droplets are introduced into a evaporation region where the 
secondary aerosol is generated and the ion generating processes take place. 

A liquid solution is introduced through a needle, held at high electrical potential, into a first 
chamber maintained at reduced pressure to produce a stable electrospray cone-jet. The 
product of this primary process is intended to be a highly charged liquid jet and droplets from 
an electrospray source directed on the axis of a countereclectrode (see Figure 1). In 
contrast, other devices used in low pressure ES systems are typically operated to produce 
ions directly from the primary cone. 43 ' 4 6 The pressure in the first chamber of the present 
device is maintained below the pressure at which electrical discharge occurs, typically kiss 
than 0.1 Torr. Ancillary heating of the tube may be required in the first chamber to prevent 
freezing of the liquid from evaporative cooling. 

The liquid cone-jot in the present device is stabilized by the electrostatic lens surrounding 
the capillary resulting in a constant (in time) conical geometry with a constant (in space) axial 
direction associated with the liquid jet. The liquid jet under influence of surface tension will 
break into droplets that will continue in the axial direction of the jet. The present invention 
takes advantage of the extremely small axial cross-section of the liquid jet and droplets and 
their high axial velocity, to sample all of this jet of liquid across a high pressure gradierti 
through a small cross sectional aperture into a higher pressure region. The aperture size is 
selected for efficient transfer of liquid through the aperture and in order to maintain pressure 
requirements in both the first chamber (to prevent discharge) and the second chamber (to 
desolvate, breakup ion clusters, form ions, react species, and focus ions). 

A key aspect of the present method of ion generation is the precise alignment of the liquid 
jet with the sampling aperture I cated in the wall of the first chamber leading into th second 
chamber. This alignment allows virtually all analyte in solution to be introduced into the 
second chamber. Th alignment of the jet may be accomplished with ither mechanical 
translational adjustment, and/or lectrostatic or magnetic steering. The stability of the cone- 
jet is also dependent upon the geometry and spatial relationship of the stabilizing electrode; 
and the stability of the liquid flow. 
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Once the liquid jet is aligned with the aperture, the high velocity highly charged jet and 
primary droplets are introduced into the higher pressure chamber (the second chamber) in 
order to more efficiently conduct heat to the droplets causing the evaporation of the volatile 
components in the droplets. The extent of evaporation in the second chamber is regulated by 
a controlled heat supply, the gas composition, gas pressure and the geometry of the region. 
As the droplet decreases in size, due to the evaporation of the volatile components, the 
density of charges on the surface of the droplet increases, driving the highly charged droplets 
to the limit of charging, sometimes called the "Rayleigh limit 0 . 25 At this point the primary 
droplets deform and emit secondary droplets, ion dusters, or ions. The secondary droplets 
undergo further evaporation and a subsequent emission of droplets, ion clusters and ions. 
The ions that leave the droplets may be highly solvated or clustered. Collision of ions and/or 
ion clusters with the residual background gas(es) or other ions in this higher pressure region 
will be sufficiently energetic to dedusterthe adducts and leave intact gas phase molecular 
ions formed from the electrospray process. These ions can then be focused, analyzed, and 
deteded by conventional means, such as a mass spectrometer. Examples of mass 
spirometers; tndude. (but are not limited to) time-of-flight, ion traps, fourier transform, 
quadrupole, magnetic sedor, and tandem instruments. 

Because the second chamber affords a degree of isolation of the ion generation 
processes from the primary droplet charging process, alternative operating conditions are 
compatible with the present device. For example, the second chamber can be pressurized 
with helium (a highly condudive gas) to induce efficient desotvation. This gas results in a 
gas discharge when used with conventional electrospray devices, at atmospheric pressure. 
Another example, would be the use of high energy sources, such as, dc and rf discharges, to 
augment both desoivation, ionization processes, and fragmentation. The second chambe r 
could also serve as a reaction chamber for a variety of processes, as a colledor or trap of 
seleded ions for storage and/or subsequent analyze (e.g. quadrupole trap, potential well 
trap). 

The restriction of the total mass flow into the vacuum system with the present devise 
significantly reduces the system pumping requirements when compared to conventional ES 
devices. The production of a stable cone-jet at reduced pressures minimizes the problems 
assodated with gas discharge in atmospheric pressure modes of operation, particularly in 
negative ion mode. The collection of virtually the entire primary aerosol into a higher 
pressure region allows effid nt ion produdion and dedustering and eliminates problems 
associated with other low pressure ES devices, such as, spatial and directional instabilities 
and dust r formation. Since ion produdion occurs in clos proximity to the mass analyzer or 
other gas phase ion detedors, the transport losses compared with atmospheric ES operation 
are not as significant. 
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Descripti n of the Preferred Embodiments. 

Referring to Figure 2, a preferred embodiment of the invention, which may be [but is not 
limited to] the effluent from a liquid chromatograph, flows within tube 17 in the direction of 
the arrow and all or a portion of the liquid is caused to flow out of capillary tube 10. Excess 
liquid flows out of splitter tube 16 in a flow splitter configuration. Insulator tube 1 5 joins onto 
tee 14 and is composed of an electrically insulating material. Insulator tube 15 is of sufficient 
length, internal diameter, and total resistance to maintain an electrical potential difference 
between the high voltage power supply and the liquid chromatograph, which is at ground. 
Tee 14 is composed of electrically conducting material, usually stainless steel. Tee 14 is 
connected to a high voltage power supply which can be regulated in terms of voltage, 
current, a combination of current and voltage, and possibly modulated. Tee 14 may be kept 
at several thousand volts, but is not limited to this. The portion of the liquid that flows through 
capillary tube 10 also flows into vacuum chamber 1, through a vacuum seal 13 composed of 
an electrically insulating material, sue* as glass, or lexan, which also provides mechanical 
support for capillary tube 10. Capillary tube 10 may be composed of an insulating or metallic 
material. 

An electrode or coaxial cylindrical tube 1 1 is located coaxially to the capillary tube 10. 
For liquid cone-jet stability, electrode 1 1 is a coaxial cylindrical tube but not limited to this 
specific geometry (e.g., plate(s), quadrupole, octopole). Coaxial cylindrical tube 11 is 
composed of electrically conducting material, usually stainless steel. Coaxial cylindrical tube 
1 1 is also at a high electrical potential which is adjustable to maintain a stable axial spray. 
Adjuster 12 is affixed to both tubes 10 and 1 1 and allows mechanical alignment of these 
tubes relative to one another and relative to the entrance lens 21 . 

Figure 3 is an expanded view of the cone-jet region of the preferred embodiment. Liquid 
cone 76 emerges from the tip 9 of the capillary tube 10 and forms a liquid jet 19 moving in 
the direction of entrance lens 21 . The alignment of the liquid jet 19 with exit or pinhole 
aperture 28 is performed with adjuster 12 to ensure the liquid flows into chamber 2. 

As seen in Figure 2, the second chamber 2 is separated from chamber 1 by means of an 
entrance lens 21 and skimmer lens 22. Inside chamber 2 is an additional focusing lens 20. 
All three I ns are made of metal and serve as f custng lens for ions and charged particles. 
Entrance lens 21 is isolated from focusing I ns 20 by insulator 23 and in turn, focusing lens 
20 is isolated from chamber 2 by insulator 27. Skimmer lens 22 is isolated from chamber 2 
by insulator 24. The housing of chamber 2 is made of metal and serves as a focusing lens 
for ions and charged particles contained in chamber 2. The volume, length and geometry is 
chosen to minimize surface losses fanalyt and maximiz transport of ions. 
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A conductive gas, such as nitrogen or helium but not limited to such gases, is added to 
chamber 2 through gas tube 52 from a gas supply source 50 in sufficient quantity to maintain 
chamber 2 at a pressure greater than either chambers 1 or 3. Gas tube 52 enters chamber 1 
through vacuum feedthrough 53 and is electrically isolated from gas inlet tube 55 by means 
of an electrically insulating union 54. Electrically insulating union 54 is composed of a gas 
impermeable electrically insulating material such as glass, or ceramic but not limited to this 
specific material. Gas inlet tube 55 then joins chamber 2. Gas tube 52 and gas inlet tube 55 
are made of a material impermeable to gas such as metal, but not limited to this specific 
material. 

Gas may be removed from chamber 2 through pump out line 72 . This pump out line 72 
is pumped by a mechanical pump (not shown) to maintain an effective pressure in chamber 2 
greater than either chambers 1 or 3. Pump out line 72 enters chamber 1 through vacuum 
feedthrough 73 and is electrically isolated from gas outlet tube 75 by an electrical insulating 
union 74. Electrically insulating union 74 is composed of a gas impermeable electrically 
insulating material such as glass, or ceramic but not limited to this specific material. Gas 
outlet tube 75 then joins chamber 2. Pump out line 72 and gas outlet tube 75 are made of a 
material impermeable to gas such as metal, but not limited to this specific material. The 
flow, pressure and composition of gas(es) into chamber 2 are controlled by a combination of 
the gas manifold (not shown), gas inlet valve 51 , gas outlet valve 71 , and sizes of apertures 
28 and 29. Chamber 2 is heated by a heater cartridge 26 imbedded in the chamber wall 25, 
and a thermocouple (not shown) attached to the chamber indicates the temperature and 
couples to a temperature controller to adjust the heater power to maintain the desired 
temperature. 

Ions, any residual charged droplets or particles and the added gas exit from chamber 2 
through skimmer lens 22 located on axis with the entrance lens 21 into chamber 1 . Skimmer 
lens 22 is electrically isolated from the chamber 2 so that a potential can be applied to cause 
ions to drift toward lens 22 and thus increase the fraction of ions that exit through aperture or 
pinhole aperture 29 of said skimmer lens 22. The ions exit from chamber 2 into associated 
ion optics (planar lens 30, planar entrance lens 33, extractor lens 38) used for focusing ion*; 
into the mass analyzer 34. 

Adjacent to chamber 2 and along the longitudinal axis of chamber 2, insid chamber 1 <rt 
high vacuum, is an element or xtractor lens 38 to which electrical potentials are applied for 
accelerating th ions away from the aperture 29 of skimmer lens 22. Adjacent to extractor 
lens 38 and along the longitudinal axis of chamber 2 and extractor lens 38, are one or more 
planar lenses 30 which are used to focus ions into planar entrance lens 33, from whence they 
proceed int the mass analyzer 34 and are detected by a d tector which is normally an 
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electron multiplier but can be a Faraday cage or other conv ntional device for registering the 
arrival of ions (not shown). A quadrupole mass filter is shown to be the mass analyzer. 

The mass analyzer is located in vacuum chamber 3 which must be maintained at 10 5 torr 
or below for normal operation. An isolator wall 37 divides chambers 1 and 3 and contains a 
planar entrance lens 33. Planar entrance lens 33 is electrically isolated from isolator wall 37. 
Chamber 3 is evacuated through pumping port 61 . In this differently pumped embodiment, 
higher pressures and associated gas loads can be accommodated in chamber 1 while sHIl 
maintaining normal operating pressures in chamber 3. 

Figure 4 illustrates a second embodiment of the invention where chamber 2, mass 
analyzer 34 and associated ion optics (planar lens 30, extractor lens 38) all reside inside the 
same chamber, chamber 1. Chamber 1 is a region of high vacuum, evacuated through 
pumping port 60. In contrast to the said first embodiment (a differentially pumped system, as 
shown in Figure 2), a larger pump would be required to evacuate chamber 1 through 
pumping port 60 to maintain a normal operating pressure of 10* 5 torr or below if the same 
size apertures (28 and 29) for entrance lens 21 and skimmer lens 22 are used in this said 
second embodiment. 

A third embodiment of the invention is a variation of the second embodiment, where 
apertures 28 and 29 for entrance tens 21 and skimmer lens 22 are smaller than those used in 
either the first or second embodiments. In this said third embodiment the pressure in 
chamber 1 could be maintained at normal operating pressure for the mass analyzer witlii a 
similar pump use in said first embodiment (a differentially pumped system). In said sec3nd 
and third embodiments of the invention, the planar lens 30 focuses ions directly into the 
mass analyzer 34 rather than through planar entrance lens 33. 
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Ref rence Numbers in Drawings 

1 . chamber 1 

2. chamber 2 

3. chamber 3 

9. tip of capillary tube 

10. capillary tube 

1 1 . electrode or coaxial cylindrical tube 

12. adjuster 

13. vacuum seal 

14. tee 

15. insulator tube 

16. splitter tube 

17. tube 

19. liquid jet 

20. focusing lens 

21 . entrance lens 

22. skimmer lens 

23. insulator 

24. insulator 

25. chamber wall 

26. heater cartridge 

27. insulator 

28. exit or pinhole aperture 

29. aperture or pinhole aperture 

30. planar lens 

33. planar entrance lens 

34. mass analyzer 

37. isolator wall 

38. extractor lens 

50. gas supply source 

51. gas inlet valve 

52. gas tube 

53. vacuum feedthrough 

54. el ctricaliy insulating union 

55. gas inlet tube 

60. pumping port 

61. pumping port 
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71. gas outlet valve 

72. pump out line 

73. vacuum feedthrough 

74. electrically insulating union 

75. gas outlet tube 

76. liquid cone 
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Brief Description of the Drawings: 

This invention will be described in greater detail by reference to the drawings, in which: 

FIGURE 1 is a schematic diagram of the regions (Region A: Needle, Region B: Cone, Region 
C: Jet, Region D: Plume) associated with electrospray aerosol generation and ionization. 

FIGURE 2 is a schematic cross-sectional diagram of the present invention with a 
differentially pumped vacuum system in a liquid chromatography mass spectrometer 
implementation. 

FIGURE 3 is a detailed cross-sectional diagram of a preferred embodiment of the invention 
showing an expanded view of the capillary tube, the cone-jet in chamber 1 being steered 
through an entrance lens into the higher pressure chamber, chamber 2. 

FIGURE 4 is a detailed cross-sectional diagram of an alternative vacuum configuration for 
the present device. 
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Claims: 

1. An apparatus for low pressure electro sprav to deliver analvte to a detection devfc e, 
comprising : 

a) a capillary means for introducing a liquid sample; 

b) a first chamber for receiving said liquid sample, which chamber includes at least a 
first wall in which said capillary means is situated and at least a second wall, said 
chamber is maintained at a pressure substantially less than atmospheric pressure; 

c) a means for maintaining a high electric potential difference between said liquid 
sample within the capillary means and said second wall, whereby the surface of said 
liquid sample is distorted at outlet of said capillary means into a single electrospray 
cone-jet; 

d) a heating means for heating the liquid sample within the capillary means to prevent 
the freezing of electrospray cone-jet exiting said outlet of capillary; 

e) at least one steering means to direct cone-jet in a well defined path; 

0 an aperture disposed in said second wall of said first chamber so that the liquid jet 
and any resulting highly charged droplets from the breakup of the liquid jet are 
emitted from said first chamber; 

g) a second chamber adjacent to said first chamber maintained at substantially less 
than atmospheric pressure and at a higher pressure than said first chamber, said 
second chamber includes said second wall of said first chamber, said aperture 
through which sample is emitted; and in which liquid and analyte evaporate into the 
gas phase so that the analyte may be received by a detection device; 

h) a heating means for heating said second chamber to facilitate the evaporation of 
said highly charged droplets. 

2. The device of claim 1 wherein the pressure of said first chamber is below the 
threshold for the initiation of a gas discharge. 

3. The device of claim 1 wherein the capillary means is selectively movable with 
respect to said second wall. 

4. The device of claim 1 wherein the steering means is selectively movable with 
respect to said capillary means. 

5. The device of claim 4 wherein said steering means is electrical or 
electromagnetic. 

6. The device of claim 1 , further including means of adjusting the pressure of said 
second chamber by controlling th quantity and flow of input gas to maintain a 
pressure greater than the pressure of said first chamber but substantially below 
atmospheric pressure. 

7. The d vice of claim 6 wherein the pressure of said second chamber is betwe n 
0.1 and 10 torn 



WO 98/07505 



15 



PCT/US96/13701 



8. The device of claim 1 wh rein said analyte are ions in said liquid sample. 

9. The device of claim 1 wherein said analyte are neutral molecules in said liquid 
sample. 

10. The device of claim 9, further including means for ionizing neutral molecules in 
the gas phase by means of, but not limited to, a high voltage discharge, eletfron 
beams, and chemical ionization processes. 
1 1 . The device of claim 1 , further including means for reacting analytes in the gas phase 
in said second chamber with reactants to generate ionic species. 

12. The device of claims 8, 10 and 11 wherein said ions are subsequently subjected 
to one or more pressure reduction, focussing, trapping or ion accelerating 
operations prior to the mass spectral analysis of the ion beam so generated. 

13. The device of claims 8, 10 and 11 wherein said ions are subsequently subjected 
to focussing, trapping or ion accelerating operations prior to ion mobility analysis 
of the ion beam so generated. 

14. A device for electrospraying a liquid sample containing solvent and ions for analysis, by a 
mass.spectrometer, comprising: 

a) a capillary means for introducing said liquid sample; 

b) a first chamber for receiving said liquid sample, which chamber includes at least a 
first wall in which said capillary means is situated and at least a second wall, said 
chamber is maintained at a pressure substantially less than atmospheric pressure; 

c) a means for maintaining a high electric potential difference between said liquid 
sample within the capillary means and said second wall, whereby the surface of said 
liquid sample is distorted at outlet of said capillary means into a single eiectrospray 
cone-jet; 

d) at least one steering means to direct cone-jet in a well defined path; 

e) an aperture disposed in said second wall of said first chamber so that the liquid jet 
and any resulting highly charged droplets from the breakup of the liquid jet are 
emitted from said first chamber; 

f) a heated second chamber adjacent to said first chamber, maintained at substantially 
less than atmospheric pressure and at a higher pressure than said first chamber, said 
second chamber includes said second wall of said first chamber, said aperture 
through which sample is emitted, and in which said solvent and ions evaporate into 
the gas phase; 

g) a means of positioning the capillary means in proximity to said heated second 
chamber to prevent the freezing of the liquid cone-jet formed at th outl t of the 
capillary means; 



WO 98/07505 



16 



PCT/US9d/1370j: 



ions in the gas-phase. 

15. T<he device efdeim 14 M, „ lmsm ^ ^ fe ' 
torr, 

16. The device of Cairn 14 wtarein We capi„*y „ movatj|e 
respect to said second wall. 

17. T ^ ^«'ci3™14whe rel „ l hep^ r e„ fsa , asec ^ rtatll)eris 
and 10 torr. 

18. The device of claim 17 wherein the pressure of said second chamber is about 7 
torr. 

19. The device ef cleim 14. fum»r inking a 0 as auppty for mpumg . 
said second chamber. 

20. The device of claim 1 9 wherein said gas is, but not limited to. an inert gas such 
as helium. 

21 The device of daim 14, further including a valve means for controlling the input and 

output gas to maintain a higher pressure in said second chamber greater than said 

first chamber but substantially below atmospheric pressure 
22. The device of claim 14 where ions produced in said second chamber are extracted 

from the chamber orthogonal to the axis of the electrospray cone-jet for subsequent 

mass spectrometric analysis. 

23. A method for low pressure electrospray to deliver analyte to a detection device 
comprising the steps of: 

a) introducing a liquid sample through a capillary means; 

b) receiving the sample into a first chamber which includes at least a first wall in which 
the means for introducing the liquid sample is situated and at least a second wall 
said first chamber is maintained at a substantially lower pressure than atmospheric 
pressure; 

c) maintaining a high electric potential difference between said liquid sample within the 
capillary means and said second wall, whereby the surface of said liquid sample is 
distorted at outlet of said capillary means into a single electrospray cone-let 

d) heating the exit of the capillary means to prevent the freezing of the electrospray 
cone-jet at the out! t of capillary means; 

e) steering the liquid cone-jet in a well defined path with a steering means 

0 allowing substantially all of said liquid jet and any resulting highly charged droplets 
from the breakup of th liquid jet through an aperture disposed in said second wall of 
first chamber; 
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g) emitting said liquid solution to a heated second chamber which includes the second 
wall of the first chamber, said second chamber is maintained at a pressure 
substantially below atmospheric pressure and at a higher pressure than said first: 
chamber, said liquid evaporates into the gas phase and the analyte may be rece ived 
by a detection device. 

24. The method of claim 23 wherein the pressure of said first chamber is maintained 
below the threshold for the initiation of a gas discharge. 

25. The method of claim 23 wherein the capillary means is positional adjusted restive 
to the steering means. 

26. The method of claim 23, further includes a method of adjusting the pressure of «;aid 
second chamber by controlling the quantity of input gas to maintain a pressure 
greater than the pressure of said first chamber but substantially below atmospheric 
pressure. 

27. The method of claim 26 wherein the pressure of said second chamber is 
maintained between 0.1 and 10 torr. 

28. The method of claim 23, further including steps for introducing reactive gases into 
said second chamber for reaction with said analytes. 

29. The method of claim 23 wherein said analytes are ions in said sample. 

30. The method of claim 23 wherein said analytes are neutral molecules in said sample. 
31. The method of claim 30 wherein said neutral molecules are ionized in the gas 

phase by ion-molecule reactions. 

32. The method of claims 29 and 31 wherein the ions are subsequently subjected to one 
or more pressure reduction, focussing, trapping or ion accelerating operations pirior to 
the mass spectral analysis of the ion beam so generated. 

33. The method of claims 29 and 31 wherein said ions are subsequently subjected to 
focussing, trapping or ion accelerating operations prior to ion mobility analysis of the 
ion beam so generated. 
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